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Haemorrhagic fever with renal syndrome (HFRS) is a
serious and often fatal disease caused by viruses in
the Hantavirus genus of the family Bunyaviridae. We
expressed the entire coding region of the small (S)
genome segments of three serologically distinct hanta-
viruses as soluble proteins in Escherichia coli and
evaluated the expressed nucleocapsid proteins (NPs) as
antigens for diagnosis of HFRS. We also prepared novel
diagnostic antigens by expressing truncated genes from
which we deleted amino acid coding regions that were
highly conserved among the three viruses. These
antigens were analysed for their potential to detect and

differentiate between antisera to various hantaviruses by
ELISA. ELISA results obtained with HFRS patient sera
or with sera from naturally or experimentally infected
animals indicate that homologous antigens and antisera
reacted to high titre. The truncated NPs were more
specific than the complete NPs in distinguishing between
possible aetiological agents of HFRS. Our findings

demonstrate that prokaryotic expression of pertions of

the NPs of specific hantaviruses can be used to generate.
readily and efficiently. large quantities of antigen that is
both sensitive and specific in diagnostic assavs for
HFRS.

Introduction

Hantaan (HTN). Secoul (SEQO) and Puumala (PUL)
viruses are members of the Hwuavirus genus of the
family Bunyvaviridee and. respectively, are aetiological
agents of severe. moderate and mild forms of haem-
orrhagic fever with renal syndrome (HFRS) (Lee er «f..
1978, 1982 Yanagihara er af.. 1984). HFRS is usually
acguired by exposure to aerosolized virus contained in
the excrement of rodents (Lee e¢r al.. 1981u. h). HTN
viruses are typically transmitted by dpodems mice {Lee
et al.. 1981h). SEO viruses by rats (Lee ¢r «f.. 1982) and
PUU viruses by Clethrionomys voles (Brummer-Korven-
kontio ¢r al.. 1980). In arcas where these rodents co-
mingle. the possibility of infection by more than one
hantavirus  exists.  Although  hantaviruses are sero-
logically related. and diagnosis of HFRS can gencrally
be accomplished by using authentic HTN virus antigen.
such antigen is sometimes neither sensitive enough to
identify  distantly related  hantaviruses, nor  specific
enough to differentiate between possible actiological
agents in circulation.

Previousty. we reported expression of the small (S)
genome segment of HTN virus in cukaryotic cells by
baculovirus recombinants, and demonstrated the po-
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tential of the expressed nucleocapsid protein (NP for
diagnosis of HFRS (Schmaljohn ¢r ol 19884 Rassi ¢f
al . 1990). We tound that the expressed antigen could bhe
used reliably to detect antibodies to HTN and SEO
viruses. but was not as sensitive as authentic HTN virus
antigen for the detection of antibadies to PUU viruses.
However. even authentic HTN virus antigen sometimes
failed 1o detect antibodies to PUL virus {Rosst ¢ af .
1990). Consistent with these findings, sequence analvses
of the genomes of a number of hantaviruses demon-
strated that the structural proteins of HTN and SEO
viruses shared greater uminoe acid sequence homology
than did those of HTN and PUL viruses (Anuc ef dl.,
1992).

To mmprove our diagnostic capabihities tor HERS. we
used a prokarvotic expression svstem to generate soluble
NPs of three hantaviruses: HTN virus (strain 76118),
SEO virus (strain SR-11) and PUL virus [strain CG IR0
(originally reported as Hillnis Bl Stohwusser of of .
1990]. These viruses are representative of thoseine
the three scerologically distinet groups of hantavirases
known to cause HFRS. We also expressed truncated NPs
of these viruses from genes we constructed by deleting S
scgment gene regions. which encode amino acid siretches
that are highly conserved among a number of hanta-
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viruses. Qur studies provide a micans for the efficient. safe
and cost-ctlective production of large amounts ol antigen
tor HERS diugnosis,

Methods

Sevaand monsclonal aniibodies (MADO. The ongins of serum
samples from wild-caught rats and HERS patients are as deseribed m
the fegends 1o Tables 3 und 3. Seru from experimentally mfected rats
were hindhsy provided by Dr 3 Dadnvmple, USAMRHED. These sera
were prepared by single mtramascubive mjection of e cach euthred
rats with the ToHowmyg virus sofates: HTN virus strains 76-118 1l e
ef ol 1978y and Holo (HOJO) fisolited trom o Korean haemorrhagie
tever patient (Schiiliohe or o7 . 198N SEO virus strains 80:39 ) ee
cral PR SR-1 fisolated trom a luboratory ratin Jupan (Kitamura
el PR3] and R22 fsolated from a wild rat m China (Song 7 ol
1984 PUU virus stradns Sotkamo [isokued from a Clethrenomes yole
e Fiadand (Schnvgohn o of ) 19SS and CGEASS fsolated trom
Clethrionenivs wy the former Soviet Union (Thachenko o ali. 19843,
The animafs were bled 28 davs after woculation and convalescent sera
tron the five wmmads m cach group were pooled for use inan ELISA

MADbs 1o the NP of HTNC SEQ and PUU viruses (Rua cr al. 1991
were kindiy provided by D 1B MeCormek (Centers Tor Discise
Control. Atlantia. Ga., US A

Construction of expression: plasmids, Moleeular cloning of the §
genome segments has been reported for HTN viras strain 76-11%
1Schmaljohn e ol 19861, SEO virus strain SR-TEH(AnKawi o7 al.. 19903
and PUL vipus struin CGOIR20 originally reported as Hiilinis B
Stohwasser or ¢l 19901 To canstruet plasnnds for use i expression of
the complete NPs, the entire coding regions of the S genome segments
of vach virus were amplified by PCR. Forward primers began with an
FeoRTsite. followed by the sequences complementary to the nucleatides
3710 3T of HTN virus, and 43 10 60 of SR-11 and PUL viruses with
respect Lo the S terminus of virus-complementiry sense RNA. Reverse
primers also began with an FeoRE site followed by sequences
complementary 10 the nucleoudes 1307 1o 1326 for HTN virus and
F313 10 1333 for SR-11 and PUL viruses. After digestion with £coRIEL
the PCR products were ligated 1o the EcoR1 site of the plasmid FLAG-
I tInternational Biotechnologies),

To express the relatively untgue regions of the § segments of the three
hantavruses. we used gene splicing by overlip extension to generate
truncated genes (Horton e o, 1989, Briefly. the two segments to he
Jomed were amplitied by separate PCRs. The last 15 nucleotides from
the 3 end of the reverse primer for one seghwent were wiade
complementary to the first 13 aucleotides trom the 3 end of the
torward prmer of the other segment: thus the PCR products share
complementary sequences af the ends to be joined These two POR
products were mixed as tomplates ina subsequent PCR which emploved
a torward primer 1o the first segmient and a reverse primer to the second
segmient. A recombinant product of these two segiments was wmplified.

In the first PCRL nucleotides 37 10 285 of HTN virus and 42 10 283 of

SR-TT and PUL virwses and the nuclcotides 733 1o 936 of all three
viruses were amphtied separately. then were purilied by agarose gel
clectrophoresis and  estracion with Geneclean resin {Bio [01),
Approvimatels 10 ng of vach of the PCR-amplified fragments was used
as & template for the second POR.

Fhe junetions of the two gene segments, as well as the junchions with
the plasmd FLAG-T, were ventied by nucleonide sequence inadysis
with dideovsnucleotide cham terminanion reactions using double-
stranded CHYNA templates and Sequenase (mited States Biochemicaly
as previousty deserihed (AriKawa e al . 1990). Competent HB10Y cells
(Crbeoy were transformed with each plasmid.
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condittons were ds deseprbed by the manubacturer tor the FEAGH

syvstemn (hnternationgd Biotechnologiess We entracted the
NP FLAG fusion protans from o bern g ool atier disrups

by treating them with Iysozvme Hinal concentration of 6 2% mg .
by repeated freenng and thawmy followad by homegenaaen with
Dounce homogenizer. Aflingsy punfication o the esprossed fision
protein with the ant-FEAG MAD was s dewnbed my the mang-
facturer. Bindmg was i the presence of b pa-CaCland protes was
cluted wath T mv-EDTALD The expressed protem was quuantihivd
using i Bio-Rad DC protens assas Kii The vonnpleic and truncated NP~
of the hantaviruses were cleaved from the FE MG peptide By mcebaton
with enterohimese O pg fusion protem 1 nmtenterokimoseiat 37 Tor
INh.

Results

Construction of vruncated S segment gones

Overall similarities of the deduced amine acid sequences
of the NPs of HTN versus SEOL HTN versus PUL and
PUU versus SEO viruses are approximately 82%.. 629,
and 62, respectively (Antic er o/ 19924 Dot matrix
comparisons of these amino acid sequences. however,
revealed two regions that were refatively unique to cach
virus (Fig. 1), The first region was located at the amino
terminus of cach NP and the other in the carboxy-
terminal hall” of the protein. We used PCR splicing by
overlap extension (Horton e af.. 1989) 1o gencrate
truncated genes containing only these two regions of the
NPs. For HTN virus. the truncated gene encoded ammo
acids 1 to 83 and 233 to 304, with respect 1o the amine
terminus of the NP ¢Fig. 2). For SEO and PUU viruses.
the genes contatned coding information for amino acids
1 to 81 and 233 to 304 The resulting truncated Nps
displayed amino acid sequence identities of 6394, 26",
and M) %e. respectivelv. for HTN versus SEO. HTN
versus PULE and PULE versus SEO viruses,
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Fig. 1. The deduced amine acids of the NPs of HTN virus (strain 76-118). SEO virus (strain SR-11 and PUU vitus (strain Sotkamaot
were compared by using the Pustell protein matrix method and Mac Vector Sequence analvsis software tInternational Brotechnalogies
The two relatively unique amino acid regions detected are indicated at the top.

Expression and purification of hanravirus NPs

A prokaryotic expression system (£, coli. FLAG system,
International Biotechnologies) was used to express genes
representing the entire NP coding regions as well as the
truncated genes of each virus. The polypeptides were
expressed as fusion proteins with an eight amino acid
marker peptide (FLAG peptide). The additional 1K

hydrophilic peptide contains an enterokinase cleavage
site: thus, after affinity purification of the fusion protein
with a MAD specific for the 8 amino acid FLAG peptide.
treatment with enterokinase can be used to remove these
extraneous amino acids {rom the purified NP.
Expression levels of the purified NP FLAG fusion
proteins were estimated to be 0:5 10 10 mg/1 of bactenal
cuiture. Both the full-length and the truncated NPs
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PCR primers

ECOR! HTN 37-57
1. 5 GAATTC-ATGGCAACTATGGAGGAATTA-3

HTN 748.733 HTN 285.270
1 5.TTCGATACGATCACT-CCCTGTTGGATCTTG-3'
HTN 733.750
3. 5-AGTGATCGTATCGAACAA-3'
ECORI  stop  HTN 936916
1 5 GAATTC-CTA.-CTCAATATCTTCAATCATGCT-3

Frg. 20 Gene spliong by overfap exiension of the S genome segment of
HTN virus. The four primers listed. corresponding to the numbered
arrows, were tsed to generate o separate PCR products (PCR 1.
Primer 2 was designed 1o mcdade 15 nudeptides which are com-
plementary to primer 3 (***). The PCR products. containing these
overlapptng ternsini. were again amphitied to create a gene with coding
information trom the two separate fragments in a single open reading
frame {PCR 2).

remained soluble in aquecus solutions. Examination of
the expressed. purified proteins by PAGE and Coomassie
blue staining reveualed polvpeptides of the expected
apparent M of 48K and 17K for the complete and
truncated NPs. respectively (Fig. 3). A band approxi-
malely twice the M, of the truncated NP (approximately
34K) was observed routinely and may represent a
muftimeric form of the truncated protein. Western blot
analysis with polyclonal antisera to HTN. SEO or PUU
viruses confirmed the authenticity of these polypeptides
(Fig. 4y,

Antigenic assessment of the expressed NPy

The expressed NPs of the hantaviruses were examined
for their reactivities with MAbs to the actual NPs of
HTN. R22 and PUL! viruses by ELISA (Table 1). The
majority of the epitopes recognized by the MAbs
examined were no longer present in any of the truncated
protems. However. the HTN MAb, HDOI1, the R22

L HI™ sbO o prt
v

14K .

ih HTN SEO PLU
9K
YK

J6K

30K

NP, —
14K

Fig. 3. PAGE and Coomassic blue staimng of the complete aad
truncated NP (@) E. cofi-expressed complete NPoaky £ colienpressed.
truncated NP (NP} Protcin Af) markers are m the {ofi fane of cach
figure. and approximate M values are sidicated

MAD., JDOL. and the PUU MAb. GBO4L cuch retined
reactivity with their homologous truncated NP but did
not recognize heterologous truncated NPs. The R22
MAbY. ECO1L. reacted with the truncated NPs of both
HTN and SEO viruses. In contrast. none of the MAbs
tested displayed specificity for any of the three complete
NPs. although HTN MAbs, GDO4, GDOS and KD0LL
R22 MAbs, CDO2. DCO3 IDOT and [CO6, and the PLIU
MAbDb. GBO4. reacted to higher titre with homologous
antigens than to heterologous antigens (Table 1). These
data indicate that many. but not alll cross-reactive
epitopes detectable by ELISA were removed from the
truncated NPs and that ecach truncated NP retamed at
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Table 1. FLISA reactivitios ot E. colisexpressed. complete or triicated N Ps
with haniavivus-specific MAbs

L col-expressed antigen

Complete NP Truncated \pP

MADb HTN SEO Prt HTN SEO Pt
HTN-specitic
BCH2 3200 100 6300 Ll .20 BIT
| BGH 6En) ot NO{ 2480 caa NET
(A3 [t o RO un 2un 200
Ghod 23600 R 1200 00 2 200
GDos 604 1600 1600 L o0 200 200
KXy 2364040 A 1600 200 < 2o 200
HOI K00 K00 400 (00 i 0
R22-vpeattic
ABNO3 {3 Fo00 SO6 00 . 200 200
ACDS s00 RO SO0 L 200 < 200 20
BCOs 00 Ju 400 o0 206y 2o
P03 N 12800 XOi) 2 200 200
IR} 300 23600 3200 .20 <00 NI
ol (R3] | 2800 200 25400 ST 200 20
FbHni fenn nd00 sOn 200 32043 200
o2 NN t600 400 2y 200 2tn
1Ch6 400 6300 400 Bt “on NI
1D X0 R fonn 26 200 2o
PUL speuitic
AN 1200 T601) 1600 204 20 NI
1DADR Jun J00 400 2on 200 0n
DBOG 1601} 1600 SO0 200 NI an
X010 Ay

R4

1600

Hi2sna

200

200

2t

* BLISA nrres are exprossed as the reaprocal of the highest dilution of antibods resuiting i an

1 s mean of the nermal asciie thad ples 3sp

[

3 I dos assayv, we observed reactivaty wath cach of the
three homoelogous  antisera and antigens  although
reactivity to PUL antigen was poor aven e the
homologous systemi and the reactivities of the TN

feast one specific epitope. These data were confirmed by
Western hlot analysis of the truncated proteins by using
polvcltonal. hyperimmune rabbit sera to HTN (strain 76-
T8 SEO (strain SR-TH or PUU (strain Sotkamo) (Fig.
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Table 2. £LISH reactivities of E. coli-expressed.
complete or truncated N Ps with sera from
cxperimentallyv intected rais

Eo cofr-expressed anugen

Complete NP fruncated NP

Serum HTN  SEO pPUU HTN SEO PUL
Hiintaan
T6-118 20 30 < 10 20 I8! < 14
HOJO 160 160 40 160 L < 10
Sceoutl
SR-11 320 20 &) 160 00 < 10
RO-39 320 20 160 1250 s120 26
R22 X0 St 24 40 160 < W
Puumala
Sotkamo 1) 30 X0 < 14 < 10 X0
CGi3dds 10 Alt] R0 < {0 < 10 160

* ELISA titres are expressed as the reciprocal of the highest dilution
of antibody resulung inan 45 = mean of the normal serum plus 3 s,

furs

and PUU antisera appeared to be specific. Anti-SEO
antibodies. however. reacted with both the trurcated
H1N and SEO antigen (Fig. 3).

Divgnostic potentiad of the expresed NPy

To invesagate the potenual of the complete and
truncuted proteins as diagnostic antigens for HERS, we
screened by ELISA o pancel of sera from rats o
permtentally miccted with vanous huntasivuses. Sera
from these anmmals reacted with both the coniplete and
truncated. homologous. expressed NPs (Table 23 Maore
spectfic reactivities were observed with the truncated
NPs. The truncated PUL antigen did not react with
antisera o either HTN or SEO viruses but did react with
antisera o PUL virus. In contrast. we observed a greuater
cross-reactivity with truncated SEO and HTN antigens
and antsera to HTN or SEO viruses, Nevertheless, for
all sera tested there were at feast twotold greater
reactivities of homologous antigens and antisera than of
heterologous antigens and antisera (Table 2.

Currently. the most specitic test known for ditfer-
entiation among hantaviruses is the PRNT (Schimaliohn
et al.. 1983). We compared the speciticity of PRNT 10
that of FLISA with the expressed. truncated NPs o i
panel of antisera obtained from rats naturally infected
with hantaviruses. and with a pancel of sera from HERS

Table 3. ELISA reuactivities of E. coli-expressed. truncated N Ps with sera from
narurally infected rats us compared 1o PRNT of authentic hantaviruses

ELISA* PRNTH
£ coli-expressed antigen Virus
Serumi HTN SEO PULU Scrogroup HTN SEO PUL" Serogroup

i < 20 < 20 < 20 ? < i < 10 < 10 ?
2 1280 320 20 HTN 040 160 N HTN
3 120 10240 o4 SEO &U 640 NT SEO
4 26 20 80 pru < 10 < 19 < 10 !
3 320 64 40 SEO ]0 320 N SEO
6 640 2560 40 SEO 40 1280 NT SEQ
7 20 1280 et SEO 320 1280 NT SEO
b 1280 S120 1280 SEO 320 1250 NT SEO
9 10240 10240 640 HTN/SEO 20 640 NT SEOQ
10 320 1280 < 10 SEO 320 1280 N1 SEO
il 1280 (0240 160 SEO bl 640 NI SEO
12 S1200 10240 &0 SEO &0 640 NT SEQ
13 640 160 20 HTN 320 30 N1 HTN
14 2560 5120 ¥ SEO 320 1280 NT SEQ
15 40 160 40 SEO 40 160 NT SEO
16 &0 24 46 SEO 24} &0} N SEO
17 160 640 40 SEO < {0 20 NT SEO
18 1280 166 20 HTN 320 64 N SEQ
19 640 160 20 HTN 80 320 N SEO
20 < 20 < 20 < 20 2 < {0 < 10 < 10 ?
21 630 160 <20 HTN 160 640 NT SEO

= ELISA titres were expressed as the reciprocal of the highest difution of antisera resulting m A

= mewt of the negatise control serum plus 3s.n.
+ PRNT titres are expressed as the reciprocad of the highest diution neutradizing S0 of 75 10

100 p.fou.

pUINY

£ Serum samples | to 10 were from rats trapped i Philadeiphia. Pa. U S AL samples 11 1o 12
from rats trapped in Houston, Tx. US A und samples 13 to

theDuc er al.. 1984,
$ NEONot tested.

a9

21 from rats trapped in Belgium




patients. Of the 21 rat sera examined. PRNT identified
two mfections with HTN virus and 16 infections with
SEO virus. Three of the sera (Table 3. sera 1. 4 and 20)
did not have a detectable plaque-reduction neutralization
response 10 any of the hantaviruses. Of these three sera.
two ot them also had no ELISA reactivity to any of the
antigens. and the third reacted with the expressed.
truncated PUU anusera by ELISA. suggesting an
mfection with PUU virus (Table 3. serum 4). Of the
remaining 18 sera. 12 were identified as SEQ virus both
by PRNT und by ELISA and one (Table 3. seeum 9) was
identified as @ SEO virus by PRNT but had the same titre
to HTN and SEO by ELISA. The remaining three sera
(Table 3. sera 18, 19 and 21) reacted to higher PRNT
titres with SEQ virus than with HTN virus but displaved
higher ELISA titres with HTN virus antigen than with
SEO virus antigen,

Of the 35 sera from HFRS pauents. 15 were identitied
as HT N-specitic and 11 as PUU-specific. both by PRNT
and ELISA. with the expressed truncated NPs (Table 4).
Six samples had no detectable antibodies to any of the
three hantaviruses either by PRNT or by ELISA. and
one sumple had a very low reactivity to the HTN antigen
by ELISA (Table 4. sample 12} but did not have a PRNT
titre to any of the three hantaviruses. Of the remaining
two samples. one had a higher PRNT titre to HTN virus
than to PUU virus but reacted with the PUU antigen in
ELISA more sirongly than to the HTN antigen (Table 4.
sample 293, The other serum was identified as containing
antibodies to a HTN virus by PRNT but had the same
ELISA titre to both HTN and SEO truncated. expressed
antigens (Table 4. saumple 24).

Discussion

The goul of this study wus to develop a safe. simple and
cost-effective source of diagnostic antigen for HFRS.
which was sensitive enough to detect a wide variety of
hantaviruses and specitic enough to differentiate among
serologicully related viruses. Bacterial expression meets
the first three criteria safety. simplicity and cost. Unlike
authentic hantavirus antigens. which require contain-
ment laboratory conditions for virus propuagation. and
which are time-consuming and costly to prepare. E. coli-
expressed antigens can be generated rapidly. with
minimal containment. and scale-up should be readily
attainable. We used the FLAG-1 E. coli system Lo
express hantaviral NPs as fusion proteins with an 8
amino acid peptide (FLAG peptidey and an Omp A
signal sequence which dictates secretion into the bacterial
periplasm. The resultant proteins were purified from
lysed bacteria by affinity chromatography with anti-
bodies to the FLAG peptide and. after purification. were

E. coli-expressed diagnostic antigen for HFRS 2t

treated with enterokinase to remove the extrancous. non-
hantaviral poruons of the fusion protein. Although our
studies were performed  with purnified. enterokimase-
treated untigen. we huve also obtamed satisfactorny results
with uncleaved antigen. Thus, for rouune use. the
expense of enterokmase cleavage may not be necessary

All of the proteins produced i our studies remained
soluble in aqueous solutons. These results differ from
those obtained by baculovirus expression of HTN NP
(Schmahohn er wf.. T988¢) and F. ol expression of
complete or terminally truncated HTN and PUL NPy
(Gott et al.. 1991). In both of those studies, the expressed
NPs tormed insoluble aggregates m the ovtoplasm of
host cells. and purification required deteroent treatment
or denaturing conditions. In contrust. our expressed
proteins could be purified 10 a single step. under nuld.
non-denaturing conditions.

To improve the sensttivity of the antigens, we prepared
NPs by using genes representative of all three serologiead
groups ol hantaviruses known 1o cause HFRS. To
improve the specificity of the antigens. we constructed
truncated genes that contained coding mtormaton for
two relatively unique regions of the NPs. The resultant
expressed polypeptides were appronimitehy one-third the
size of the authentic viral NP,

With MAbs. we demonstrated that cach truncated NP
retained at least one epitope of the homoelogous
hantavirus. and had many cross-reactive epitopes de-
leted. The truncated NPs displaved more antigenic
specificity than did the complete NPs when reacted with
the same antisera. The truncated antigens could be used
to differentiate anti-HTN and ant-SEO clearhy from
anti-PUU antibodies. without one-way cross-reactivits.,
as found m previous studies (Lee er af.. 19850 Shesh-
beradaran ¢r al.. 19880 Zoller o1 al.. 19891 Gott er ..
1991). This result was expected. because the number of
identical amino acids in the truncated compared to the
complete NP was reduced from greater than 60% to
approximately 30%.. Also. as expected. because the
overall homology of the HTN versus SEQ antigen was
still 65 % in the truncated NPs {as opposed 1o 8276 in the
complete NPs). it was more difficult to distinguish antr-
HTN from anti-SEQ antibodies. Nevertheless, in many
cases. we found at least a twofold difference n ELISA
titre between the ant-HTN and anti-SEQO sera.

Onc of the most sensitive tests available for serological
differentiation among hantavirases is the PRNT (Schmal-
john et al.. 1985). PRNT. of course. measures antibods
reactivity with the viral envelope ghveoproteins. G oand
G2, both of which have neutralizing determinants
(Arikawa er «l.. 1990). In contrast, our ELISA s based
only on anttbodies reactive with the NPs of these viruses.
The wviral NPs are less subject to humoral immune
response  sclective pressures than are the envelope
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Table 4. Differentiation of Inman hantavivus mfections bv ELISA versus

PRNT
ELISA*® PRNT#
E. coli-expressed antigen Virus
Serumy HTN SEO PULY  Scrogroup  HTN SEO PUL Serogroup
LLS. military personnel
{ 2560 40 < {0 HTN 2560 40 < {0 HTN
| 640 < 10 < 10 HTN 630 80 10 HTN
14 640 80 <10 HTN 1280 320 NT§ HTN
I3 640 40 < 10 HTN 320 1 40 HTN
16 320 < 10 <1 HTN 380 < IO 320 HTN
KA} 320 160 S0 HTN hitl < 14 NT HTN
Greece
17 40 < 10 < {0 HTN 512 < 10 < 10 HTN
1% 640 40 200 HTN 4096 64 236 HTN
19 640 80 40 HTN 160 < 10 40 HTN
Sweden
20 < 10 < 10 320 pULU 20 < 10 30 pLL
21 20 < 10 160 PUU 1 0 80 pLU
Korea
2 2560 160 <10 HTN 560 640 40 HTN
3 320 < 10 < 10 HTN 2560 640 320 HTN
22 1280 320 20 HTN > 40 < 10 NY HTN
23 1280 80 80 HTN > 30 < 10 NT HTN
24 640 640 < 10 HTN/SEO > 40 < 10 NT HTN
25 640 40 <10 HIN > 40 < 1 NT HTN
26 640 80 20 HTN > 4y < 10 NT HTN
Germany
7 20 < 10 320 PUU < {0 <10 1024 pPLU
8 20 20 160 PUU < 10 < 1t 640 pPLU
27 < 10 < 10 80  PUU > 40 < 10 160 pLU
28 <10 < 10 40 PUU < 10 < 10 640 pUU
29 80 40 320 PUU 640 NT 160 HTN
30 80 < 10 160 PUU 160 NT 160 pLU
3t 20 20 40 PUU < 10 NT 1280 pLU
32 20 20 80 PUU 160 80 640 pPCU
Belgium
33 40 4 320 PULU 10 < 10 40 pPUU
34 40 40 320 PUU < 10 10 320 puU
Negative controls
4 < 10 < 10 < {0 - < 10 < 10 < [0
S < 10 < 10 < 10 < |0 < 10 < 10
[} < 10 <10 < 10 - < 10 < 10 < 10
9 < 10 < 10 < 10 - < 10 < 10 < 10
10 < 10 < 10 <10 < 10 < 10 <10
1 < 10 < 10 < 10 < 10 < 10 < 10
12 20 < 10 <10 HTN < 10 < 10 < 10

* ELISA titres were expressed as the reciprocal of the highest difution of antisera resulting in an

Ay, = mean of the negative control serum plus 3 s,

t PRNT utres are expressed as the reciprocal of the highest dilution neutralizing 50% of

100 p.fu. of virus.

1 Serum samples were obtained from HFRS patients residing in geographic regions listed.

§ ~NT. Not tested.
. Unable to determine.

proteins. This is reflected in the finding that the NPs of
hantaviruses share slightly higher amino acid identities
thaun do the envelope glycoproteins (Antic et al., 1992).
Thus, it is reasonable to assume that a diagnostic assay
based upon the viral NPs may be more likely to succeed
in identifying distantly related hantaviruses, than would
an assay based on antibody reactivity to the envelope
glycoproteins. We compared our truncated NP ELISA

with PRNT by using sera from wild-caught rats. or from
HFRS patients. With the rat sera. the ELISA and PRNT
differed in identifying five of 21 sera. Three of the sera
were from rats trapped in Belgium. and were identitied as
anti-HTN by ELISA and anti-SEOQ by PRNT. The
ELISA titres were alf at least fourfold higher for HTN
than for SEO. and one of the three was eightfold higher
by ELISA. but displayed only a twofold higher titre to




SEQO than to HTN by PRNT. Another serum, from a rat
trapped 1n the U.S. AL had identical ttees to HTN and
SEO by ELISA but a twofold difference by PRNT. The
last serum displaying different results by PRNT and
ELISA. which wus also from ua rat trapped in the US AL
had a titre of 20 by ELISA 1o both HTN and SEO,. und
atitre of 80 to PUU. There was no detectable PRNT titre
o any of the three viruses. Although laboratory infection
of rats with PUU virus is possible, wild rats generally are
not infected with this virus. It is possible that a cross-
reactive virus, different to any of the three protoiypes.
infected this rat. Without a virus isolation, 1t1s impossible
for us to determine whether the ELISA reactivity of this
rat serum indicates a natural infection, or whether the
results indicate a false positive.

Although there bave been no reports of gene segment
reassortment occurring among serologically distinct
hantaviruses. cither in the laboratory or in nature, it is
possible that infection of a rodent with more than one
hantavirus could lead to reassortant viruses. Such viruses
could not be accurately diagnosed by ELISA with our
NP antigen. The good correlation between our ELISA
and PRNT (an assay dependent on M segment gene
products) would suggest that reassortants are not a
major consideration with the samples we tested. Never-
theless. reassortant viruses should not be discounted
when diagnostic results are unclear.

Like the rat sera. results with sera from HFRS patients
were the same by PRNT and by ELISA in most cases
(three differences out of 35 examined). One of the three
differences occurred among negative control sera. in that
an ELISA titre of 20 was found to PUU. Another serum.
from Korea. displayed equivalent ELISA titres to SEO
and HTN. but had an at least fourtold higher PRNT titre
to HTN than to SEO. The final differing result was with
a German patient’s serum sample. This serum had a
fourfold higher ELISA titre to PUU than to HTN. and
a fourtold higher PRN T utre to 1 [N than to PLU. In
this case. it seems reasonable that the ELISA was correet
in identifying the infecting agent as PUU. in that all of
the other samples from Germany were identified as
originating from PUU infections both by PRNT and
ELISA.

In conclusion. we have developed a means of gen-
erating quantities of antigen for diagnosing HFRS with
a bacterial system. Results obtained by ELISA using this
antigen comparcd favourably with results obtained by
PRNT. Although exquisitely sensitive. PRNT is not a
practical diagnostic tool for hantavirus infections. in that
assays take from 1 to 3 wecks. are extremely difhicult to
perform and are not even possible for all hantaviruses. In
contrast. ELISA is a simple. established method for
diugnosis and is routinely used in ficld laboratories. The
antigen described here is casy to prepare and can be

E. coli-expressed diagnostic antigen for . RS 1123

adapted tor an ELISA designed to detect o wide varnety
of hanmaviruses (te. with a mixture of the truncuted or
complete proteins) or o identity serologically disunct
viruses (e with individual truncated proteins).
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